INTRODUCTION
============

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders, affecting 5-17% of women of reproductive age, and it is characterized by hyperandrogenism and ovulatory dysfunction.[@B1]-[@B4] Insulin resistance is one of the potential underlying causes of PCOS, and is present in at least 50% of women with PCOS.[@B5] Insulin resistance could also cause or exacerbate the clinical manifestations of PCOS, including ovulation dysfunction, hirsutism and metabolic disturbances.[@B2],[@B6]

Controversy exists as to whether lean women with PCOS are insulin resistant.[@B6]-[@B13] It is uncertain whether insulin resistance in PCOS is an intrinsic defect of the disease or is secondary to obesity. Obesity has long been recognized as one of the features of PCOS, and 40-80% of women with PCOS are overweight or obese.[@B14],[@B15] The mechanisms by which obesity influences the pathophysiology and clinical manifestations of PCOS are not completely understood, but obesity has an important impact on the severity of hyperandrogenism, menstrual irregularities and insulin resistance.[@B16] Even modest weight loss has been shown to result in significant improvements in insulin resistance in women with PCOS.[@B17],[@B18] However, many metabolic consequences of PCOS are similar to those of obesity; therefore, defining the cause of the insulin resistance has proven difficult. In addition, it is unclear whether the exacerbation of insulin resistance, owing to a rise in adiposity, differs between obese and lean women.

In the present study, we evaluated changes in insulin sensitivity as a function of body mass index (BMI), as well as factors associated with insulin sensitivity, to determine whether insulin resistance is an intrinsic defect of PCOS or occurs secondary to obesity.

MATERIALS AND METHODS
=====================

Subjects
--------

We recruited 144 women with PCOS from endocrinology and gynecology clinics at Ewha Womans University Mokdong Hospital from March 2003 through March 2007. In accordance with the National Institute of Child Health and Human Disease criteria,[@B19] the diagnosis of PCOS was based on the following: 1) hyperandrogenism (total testosterone ≥67 ng/dL or free testosterone[@B20] ≥0.84 ng/dL, above the 95th percentile of 1120 regular cycling healthy women) and 2) ovulatory dysfunction (less than 8 menstrual cycles per year). Individuals with specific disorders, such as adult-onset congenital adrenal hyperplasia, hyperprolactinemia, and androgen-secreting neoplasia, were excluded. One hundred and forty five regular cycling women were recruited as the control group by advertisement, and none of them had a family history of diabetes or PCOS. All women treated with drugs known to influence glucose tolerance (e.g., steroids, oral contraceptives, metformin or thiazide diuretics) before starting the study were excluded. On the basis of their BMI, women with PCOS and healthy controls were divided into two groups: lean (with a BMI \<23 kg/m^2^) and overweight/obese (ow/ob) (with a BMI ≥23 kg/m^2^). The criteria for obesity were based on Asia-Pacific criteria.[@B21] The institutional review board of the Ewha Womans University Mokdong Hospital approved the study protocol, and written informed consent was obtained from all of the participants.

Data collection
---------------

Weight and height were measured for all subjects, and BMI was calculated as weight (kg)/height (m).[@B2] Waist circumference was also measured on bare skin at the narrowest indentation between the 10th rib and the iliac crest, at mid-respiration. Blood pressure was determined as the mean of two manual sphygmomanometer readings with the patient in the sitting position. After overnight fasting for at least 8 h, a venous blood sample was taken from all subjects on the third day of their follicular phase of menstrual cycle. In the case of women with amenorrhea, blood was sampled considering the ovarian morphology investigated by ultrasound. Ultrasound examination was performed with a 7-MHz transvaginal transducer (Logic 400 General Electric, Milwaukee, WI, USA) or transrectally for virginal women.

Total testosterone levels were measured by the chemiluminescent immunoassay method using a commercially available kit (Siemens, Tarrytown, NY, USA), and sex hormone-binding globulin (SHBG) levels were measured by immunoradiometric assay using a commercial kit (Diagnostic Products Corporation, Los Angeles, CA, USA). Free testosterone levels were calculated using the formula available on the web site of the International Society for Study of the Aging Male (<http://www.issam.ch/freetestos.htm>) for total testosterone, SHBG and albumin levels in the same sample from each subject.[@B20]

The 75-g oral glucose tolerance test (OGTT) was performed in the morning after overnight fasting. A polyethylene catheter was placed into the antecubital vein before the test. After 30 minutes of supine rest, venous blood samples were drawn at baseline and 120 minutes after the 75-g glucose load. Plasma glucose levels were measured by the glucose oxidase method (Beckman Model Glucose Analyzer 2, Fullerton, CA, USA) and insulin levels were measured by radioimmunoassay using commercially available kit (Biosource, Nivelles, Belgium). Insulin sensitivity was estimated by ISI~est~-OGTT (ISI) according to the following formula: ISI=0.157-4.576×10^-5^×I~120~-0.00519×G~90~-0.000299×I~0~ (I~120~; post-load insulin at 120 minutes, G~90~; post-load glucose at 90 minutes, and I~0~; fasting insulin).[@B22] Although the hyperinsulinemic-euglycemic clamp technique is the gold standard for measuring insulin sensitivity, it is difficult to perform; therefore, we used ISI, which showed a significant correlation with the M value obtained from the euglycemic clamp,[@B22] as a marker of insulin sensitivity.

Data analysis
-------------

Statistical evaluation was performed with the SPSS 18.0 software package for Windows (IBM corporation, Chicago, IL, USA). Quantitative variables are given as means±standard deviation. The Kolmogorov-Smirnov statistic was used to test continuous variables for normality, and logarithmic transformation was applied as needed to ensure the normal distribution of skewed variables.

Comparisons of two groups with different parameters were made by Analysis of Covariance for adjusting age. To examine the effects of PCOS, BMI and their interaction on parameters, two-way Analysis of Variance (ANOVA) was conducted. To examine the influence of an increase in BMI on insulin sensitivity, linear regression analysis was performed. Multiple regression analysis was performed to establish which variables predicted insulin resistance independently. Two-tailed *p*-values of \<0.05 were considered to be significant.

RESULTS
=======

One hundred and forty-four women with PCOS were divided into two groups according to their BMI. Sixty-nine of these women were lean and 75 were ow/ob. The mean age of the women with PCOS was 26±5 years, and the mean BMI was 24.0±4.0 kg/m^2^. Of the 145 controls (mean age 25±5 years, mean BMI 23.0±3.6 kg/m^2^), 84 were lean and 61 were ow/ob.

The clinical and metabolic characteristics of the women with PCOS and the controls are shown in [Table 1](#T1){ref-type="table"}. The age did not differ between these two groups, but the BMI of women with PCOS was higher than that of controls (*p*=0.02). Women with PCOS had a higher systolic blood pressure (SBP, *p*\<0.001), diastolic blood pressure (DBP, *p*\<0.001), total testosterone level (*p*\<0.001), and free testosterone level (*p*\<0.001) than healthy controls, but their SHBG levels (*p*\<0.001) were lower. The BMI did not differ between the two lean groups (PCOS and healthy controls) and between the two ow/ob groups (PCOS and healthy control). In both lean and ow/ob women with PCOS, the SBP (*p*\<0.05), DBP (*p*\<0.05), total testosterone levels (*p*\<0.001), and free testosterone levels (*p*\<0.001) were higher than those in their healthy counterparts, and SHBG levels (*p*\<0.001) were lower ([Table 1](#T1){ref-type="table"}).

In women with PCOS, 2-h post-load glucose (*p*\<0.001) and 2-h post-load insulin (*p*\<0.05) were higher than those in controls. In lean women with PCOS, 2-h post-load glucose (*p*\<0.001) and 2-h post-load insulin (*p*\<0.001) were higher than those in lean controls. In ow/ob women with PCOS, 2-h post-load glucose (*p*\<0.001), fasting insulin (*p*\<0.05), and 2-h post-load insulin (*p*\<0.05) were higher than those in controls. Insulin sensitivity as determined by ISI was significantly lower in women with PCOS than in controls, and both lean and ow/ob women with PCOS also showed lower ISI values than women in the corresponding BMI-matched control groups (*p*\<0.001). Two-way ANOVA revealed that PCOS had significant effects on SBP, DBP, total testosterone, free testosterone, SHBG, 2-h post-load glucose, 2-h post-load insulin, and ISI. BMI had significant effects on SBP, DBP, free testosterone, SHBG, fasting glucose, 2-h post-load glucose, fasting insulin, 2-h post-load insulin, and ISI. The interaction between PCOS and BMI had significant effects on fasting insulin and 2-h post-load insulin.

An increase of 1 kg/m^2^ in BMI reduced ISI by 0.169 among all PCOS patients (*p*\<0.05) and by 0.238 among all controls (*p*\<0.05), and there was no significant difference between these two groups. When the ow/ob and lean groups were analyzed, BMI had no significant effect on ISI in lean women with PCOS or in the lean controls. In ow/ob women, an increase of 1 kg/m^2^ in BMI reduced the ISI by 0.146 among PCOS patients (*p*\<0.05) and by 0.278 among controls (*p*\<0.05), and there was no significant difference between these two groups ([Table 2](#T2){ref-type="table"}).

We applied multiple linear regression analysis to identify the main determinants of insulin sensitivity. BMI and PCOS status were significantly associated with ISI (*p*\<0.05), and PCOS status was the most powerful determining factor ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

The objectives of this study were to evaluate the influence of increased adiposity on insulin sensitivity, and to identify the factors associated with insulin sensitivity. In this study, we found that insulin sensitivity was significantly lower in both lean and ow/ob women with PCOS than in BMI-matched controls, and insulin resistance was shown to be an intrinsic defect in women with PCOS.

The etiology of PCOS is complex and multifactorial, and insulin resistance could be one of the underlying causes.[@B23],[@B24] Overall, approximately 50-70% of women with PCOS can be considered to have insulin resistance,[@B25],[@B26] and insulin resistance is exacerbated in obese women with PCOS.[@B8],[@B27]-[@B29] There is some controversy about whether lean women with PCOS are insulin resistant.[@B8],[@B10],[@B12],[@B13],[@B18],[@B30],[@B31] In Asia, the prevalence of obesity in women with PCOS is lower than in western women with PCOS.[@B14],[@B15] Given the lower prevalence of obesity in Asian women with PCOS than in those of other ethnicities,[@B32] an understanding of whether lean Asian women with PCOS are significantly more insulin resistant than BMI-matched female counterparts and whether insulin resistance could be exacerbated by weight gain is important. In our study, even lean women with PCOS showed significantly lower insulin sensitivity than BMI-matched controls, and this result corresponded with an earlier study that reported that PCOS was associated with decreased insulin sensitivity in both obese and non-obese patients.[@B8],[@B13] This suggests that insulin resistance is an intrinsic characteristic of the disease. A hyperinsulinemic-euglycemic clamp is generally regarded as a reference method for assessing insulin sensitivity; however, this method is laborious and expensive. In contrast, OGTT, the most commonly used method for evaluating whole body glucose tolerance, is simple and cheap, and many formulas for insulin sensitivity index obtained from OGTT have been developed. We show to use ISI, which showed a significant correlation with the M value from the euglycemic clamp, as a marker of insulin sensitivity.[@B22]

We used linear regression analysis to evaluate the influence of increased BMI on insulin sensitivity. The results showed that BMI is a significant determinant of insulin sensitivity, suggesting that adiposity is an important factor in the pathogenesis of insulin resistance in both women with PCOS and in controls. To determine whether the association between BMI and insulin sensitivity differed according to adiposity, we analyzed the subjects in two groups: an ow/ob and a lean group. In ow/ob women with PCOS and ow/ob controls, BMI was a significant determinant of insulin sensitivity, but this was not the case in lean women with PCOS and in lean controls. Therefore, it appeared that the significant association between the BMI on insulin sensitivity was only present in ow/ob women. Although it did not reach statistical significance, the absolute value of the increase in ISI as a function of BMI increase was higher in controls than in women with PCOS. This result supports the hypothesis that insulin resistance is an intrinsic abnormality in this disease.

In the general populations, obesity and insulin resistance increase the risk of type 2 diabetes and cardiovascular disease. Likewise, in individuals with PCOS, obesity worsens insulin resistance and exacerbates metabolic abnormalities.[@B33],[@B34] Furthermore, women with PCOS have an increased risk of developing type 2 diabetes and cardiovascular disease. Dyslipidemia is common in PCOS patients compared with weight-matched controls,[@B35],[@B36] and women with PCOS also develop abnormal glucose metabolism at a younger age and may demonstrate a more rapid conversion from impaired glucose tolerance to type 2 diabetes than healthy women.[@B37] The results of the present study of young women with PCOS corresponded to the results of earlier studies that reported that women with PCOS have a greater cardiovascular disease risk.[@B38],[@B39] In our study, women with PCOS had a higher SBP, DBP, 2-h post-load glucose, insulin, and triglyceride level than BMI-matched controls.

Although insulin resistance is a common feature of PCOS, not all women with PCOS are insulin resistant. Obesity appears to exert an important effect on the manifestations of PCOS, and the degree of obesity is positively associated with an increase in insulin resistance. However, many metabolic consequences of PCOS are similar to those of obesity, making it difficult to elucidate the cause of insulin resistance. In our study, both BMI and PCOS status were significantly associated with insulin sensitivity, suggesting that obesity and PCOS have a deleterious additive effect on insulin sensitivity.

The clinical features of PCOS are heterogeneous and may change throughout an individual\'s life, from adolescence to post menopause.[@B16] This change is largely dependent on the influence of weight gain and metabolic alterations. Thus, weight gain is an important contributor to PCOS phenotype. To prevent metabolic dysfunction, it is therefore important to prevent weight gain in women with PCOS, especially in those who are already overweight.

In conclusion, our results demonstrate that Asian women with PCOS have intrinsic insulin resistance, and adiposity exacerbates such insulin resistance, especially in ow/ob women. Therefore, long-term lifestyle modification may be necessary to prevent weight gain, especially in ow/ob Asian women with PCOS.
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Clinical and Metabolic Characteristics in Women with PCOS and Controls According to Adiposity
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BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; FPI, fasting plasma insulin; FT, free testosterone; ISI, insulin sensitivity index; PCOS, polycystic ovary syndrome; PPG, post-load 2-hr plasma glucose; PPI, post-load 2-hr plasma insulin; SBP, systolic blood pressure; SHBG, sex hormone binding globulin; TT, total testosterone.

Data are mean±SD. Age-adjusted.

###### 

Effects of Altered Body Mass Index on Insulin Sensitivity in Women with PCOS and Controls According to Adiposity

![](ymj-54-609-i002)

BMI, body mass index; ISI, insulin sensitivity index; PCOS, polycystic ovary syndrome; CI: confidence interval.
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BMI, body mass index; PCOS, polycystic ovary syndrome; CI, confidence interval; S.E., standard error.
